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Abstract
One cannot detect a white disk located at least 15 from ﬁxation in an intersection of gray alleys that deﬁne a grid of black
squares. A psychophysical examination of the anatomical locus of this ‘‘blanking phenomenon’’ is reported here. Stimuli were pre-
sented dichoptically; disk threshold was measured with ﬁxed-step staircases. Three dichoptic experiments were developed employing
diﬀerent stimuli. Simple dichoptic presentations implied both pre- and post-fusion contributions. One follow-up experiment veriﬁed
pre-fusion contributions, while another implicated post-fusion mechanisms. These results indicate that the blanking phenomenon
has contributions from multiple sites in the visual system.
 2004 Elsevier Ltd. All rights reserved.
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Psychophysical examination of visual phenomena has
yielded extensive information regarding the structure
and function of the human visual system. Recently,
the psychophysical analysis of a visual illusion termed
the ‘‘blanking phenomenon’’ has been reported (McAn-
any & Levine, 2002, 2003, 2004). The blanking phenom-
enon is elicited by black squares on a medium gray
background, arranged such that the squares delineate
a set of intersecting orthogonal gray ‘‘alleys.’’ If a disk
lighter than the background alley-gray is centered in
an intersection approximately 15 or more from ﬁxa-
tion, the disk is not perceived. Fixating on the lower grid
of Fig. 1 provides a demonstration of the blanking phe-
nomenon. When ﬁxation is appropriately distant from
the upper grid, the light disk disappears. Conversely,
disks darker than the background alley-gray remain vis-
ible; when ﬁxating the upper grid in Fig. 1, the dark disk
in the lower grid remains visible.0042-6989/$ - see front matter  2004 Elsevier Ltd. All rights reserved.
doi:10.1016/j.visres.2004.08.003
* Corresponding author. Tel.: +1 312 996 6133.
E-mail address: jmcana1@uic.edu (J.J. McAnany).Conditions under which the blanking phenomenon
occurs and factors aﬀecting the eﬃcacy of the illusion
have been examined (McAnany & Levine, 2002, 2003,
2004). For example, the blanking phenomenon is evi-
dent for a light disk presented with a reduced grid con-
sisting of an intersection delineated by just four black
squares (McAnany & Levine, 2002, 2003, 2004). While
the inverse arrangement of four or more white squares
surrounding a dark disk on the same background al-
ley-gray also elicits the blanking phenomenon, it is
somewhat less eﬀective.
The phenomenon develops immediately and is pre-
sent with trial durations less than 250ms. With longer
presentations, the eﬀect persists for as long as ﬁxation
is approximately maintained. If ﬁxation is appropriately
far from the disk (approximately 15 or greater), small
saccades do not disrupt the phenomenon (this can be
veriﬁed with Fig. 1). Additionally, the disk must be cen-
tered in an intersection for blanking to occur, as a disk
centered as little as one disk radius from the center of
the intersection is visible. Finally, the onset and oﬀset
of the grid and disk must be simultaneous; if the grid
and disk are presented asynchronously, the eﬀect is dis-
rupted. Thus, the blanking phenomenon is a novel form
Fig. 1. Demonstration of the blanking phenomenon and stimulus
dimensions. The disk appeared 18.15 above or below ﬁxation, and the
disk could be darker or lighter than the background alley-gray. Both
arrangements are depicted simultaneously in this schematic, but during
a trial only the upper or lower conﬁguration (4 columns · 2 rows, and
a single disk) was presented.
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tion, motion, or masking.
Other than the aforementioned rudimentary charac-
teristics, little else is known regarding the mechanisms
underlying the blanking phenomenon. In an eﬀort to
gain a greater understanding of the eﬀect, this study
examines the anatomical and physiological underpin-
nings of the blanking phenomenon as inferred through
psychophysical examination. We employ a strategy that
uses the site of binocular fusion as a marker for localiz-
ing events that occur proximal or distal to that reference
point (the psychoanatomical approach: Blake, 1995).
Experiment I was designed to parse the anatomical
contributions to the blanking phenomenon from pre-
and post-fusion sites. In experiment I, a light disk was
presented to one eye and the grid of black squares was
presented to the other eye. Disk contrast threshold
was measured to determine the eﬃcacy of the blanking
phenomenon. Results of experiment I imply both pre-
and post-fusion contributions to the blanking
phenomenon.
Experiment II was designed to speciﬁcally reveal pre-
fusion contributions by comparing contrast thresholds
from two diﬀerent conditions. In the ‘‘same-polarity’’
condition, neither eye received a stimulus that would
induce blanking, while in the ‘‘opposite-polarity’’ con-
dition each eye received a stimulus that would induce
blanking. As will be discussed in Section 4.2, these
two conditions were created to appear identical tohigh-level (post-fusion) cortical processing centers while
being readily discriminable by lower-level (pre-fusion)
areas. If the contrast thresholds are diﬀerent between
these two conditions, a pre-fusion contribution to the
blanking phenomenon can be inferred, as only the
pre-fusion peripheral paths should have the ability to
diﬀerentiate between the same- and opposite-polarity
conditions.
Experiment III was designed to verify post-fusion
contributions to the blanking phenomenon. In experi-
ment III, a light disk appeared to be centered in an
intersection of black squares; however, the disk was
presented in a diﬀerent plane than the grid (disparity
condition). The contrast threshold in the disparity con-
dition was compared to that obtained when disks
appearing in both eyes were shifted in the same direc-
tion by the same amount as in the disparity condition
(oﬀset condition). If the blanking phenomenon is greater
in the disparity condition than in the oﬀset condition,
a post-fusion contribution can be inferred since nei-
ther eye alone can distinguish between these two condi-
tions.2. Methods
2.1. Subjects
The authors (males 24 and 60 years of age) and one
volunteer naive to the intent of the research (female 24
years of age) participated in all three experiments (sub-
jects 1, 2, and 3, respectively). All subjects had normal
or corrected-to-normal visual acuity and normal stere-
opsis. The experimental protocol and process of consent
were approved by the University of Illinois at Chicago
Institutional Review Board.
2.2. Apparatus and calibrations
A chin-rest supported the subjects head, which was
located 32cm from a computer monitor in a dark room.
The total path length from the subjects eyes to the mon-
itor was 37cm. Stimuli were generated by an IBM Pen-
tium III computer running Windows 98 and were
displayed on the screen of an EIZO 19 in. FlexScan
FX•D7 monitor (1024 · 768 pixels, 85Hz refresh rate).
One component of the stimulus, chosen at random,
was presented on one half of the computer monitor,
and the remaining component was presented simultane-
ously on the other half of the same monitor. A ﬁrst-sur-
face mirror stereoscope permitted fusion of the images
on the two halves (see Fig. 2A for a schematic of the
stereoscope).
The shape of the subjects horopter was taken into ac-
count to ensure proper alignment and fusion of the stim-
uli appearing in the left and right eyes. Alignment was
Fig. 2. Stereoscope. The mirror stereoscope is depicted in (A). (B)
Shows the ﬁxation target employed in all experiments. The reader with
stereovision can fuse the ﬁxation targets to gain an appreciation of the
appearance of the ﬁxation target used in the experiments.
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correction (for an explanation of the Nonius method of
horopter correction, see Moses & Hart, 1987). The mod-
iﬁed Nonius method employed in this study used a series
of horizontal and vertical lines centered where each
intersection was to appear during testing. Speciﬁcally,
a vertical line originating from the center position of a
future intersection and extending upward approximately
0.9 appeared in one eye while the other eye simultane-
ously received a similar line originating from the same
point and extending downward. These lines were pre-
sented for 224 or 280ms (trial duration for that subject
during testing); in successive presentations, the subjects
task was to align these two lines. This arrangement was
also repeated with horizontal lines to determine the
proper vertical alignment. The process of determining
the proper horizontal and vertical alignments was itera-
tive, as misalignment in one direction was found to af-
fect judgment slightly in the other direction. To
achieve alignment for the intersection that was to receive
the disk on each trial, the patterns used during testing
were shifted by the number of pixels that the nonius
lines were shifted.2.3. Time-course and display
The subject adapted to the background alley-gray for
30s at the onset of each block of trials. Then, while ﬁx-
ating on a central target, the subject initiated the stimu-
lus presentation by key-press; the stimulus appeared
after a 500ms delay. The central ﬁxation target consisted
of a ‘‘bulls-eye’’ appearing in 3D (see Fig. 2B). To pre-
clude changes in ﬁxation, the stimulus and ﬁxation point
were replaced by the background alley-gray either 224
or 280ms (depending on the subject) after its onset.
The disappearance cued the subject to respond; the sub-
ject responded by key-press, and the ﬁxation target reap-
peared. On each trial, a disk appeared in one of three
possible intersections (left, middle, or right); the sub-
jects task was to determine which intersection contained
the disk (3AFC). Stimuli were presented at random with
equal probability in the upper and lower visual ﬁelds
(above and below ﬁxation) to discourage inappropriate
ﬁxation (refer again to Fig. 1). There were no time con-
straints for responding or for initiating the subsequent
trial, and no feedback was given. Timing of the stimulus
duration was conﬁrmed by oscilloscope measurement.
Display luminance was calibrated with a Minolta
luminance meter (LS-110). RGB machine units (the bin-
ary digits sent to the guns) were converted to luminance
values derived from the best-ﬁt quadratic curve. For
comparing light and dark disks, luminance values were
expressed as the absolute value of contrast according
to the Weber contrast formula:
Ci ¼ jðLi  LgrayÞ=Lgray j ð1Þ
where Li represents the disk luminance and Lgray is the
luminance of the background alley-gray. In all condi-
tions, the background alley-gray was constant, but spe-
ciﬁc to the subject (31.3cd/m2 for subject 1 and 35.1cd/
m2 for subjects 2 and 3). To make the light and dark
disk eﬃcacies equal, the background alley-gray was set
so that the absolute value of the contrast threshold of
light disks with white squares was equal to that of dark
disks with black squares. The black squares were set to
0.3cd/m2, white squares to 93.8cd/m2, and the disk
luminance ranged between those values. For subject 1
the stimulus presentation duration was 224ms, for sub-
jects 2 and 3 the stimulus presentation duration was in-
creased to 280ms to avoid ﬂoor eﬀects.
2.4. Threshold determination by adaptive ﬁxed-step
staircase
An adaptive ﬁxed-step staircase (FSS) protocol was
used to determine threshold values for the stimuli exam-
ined (see Treutwein, 1995 for a review). These FSSs pro-
vide rapid and accurate measurements of threshold.
FSSs were interleaved randomly to obtain threshold val-
ues for disks that appeared above and below ﬁxation in
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trials, a preliminary search to gain an estimate of the
subjects threshold began at a suprathreshold value
(white or black), and descended in large steps toward
(often beyond) the subjects threshold. In conditions
where the contrast threshold could be estimated, the
staircase starting value was set appropriately and the
preliminary search was omitted.
Upon termination of the preliminary search, a 1
down/2 up rule was initiated (one incorrect answer in-
creased the absolute value of disk contrast; two succes-
sive correct responses to the same stimulus level were
required to decrease the absolute value of disk contrast).
The magnitude of contrast change for incorrect answers
was twice that for correct answers. This provides a tar-
get estimate of the 82% correct point on the psychomet-
ric function (Garcia-Perez, 1998). Step size was limited
by the 8-bit per gun hardware available for the produc-
tion and display of the stimuli, so the smallest step
change was 1 unit in the RGB machine metric. Note that
while the luminance step changes were not quite equiv-
alent across all luminance levels, over the small excur-
sions near FSS convergence the gamma function was
essentially linear.
Each FSS was terminated after at least 16 reversals
in direction were completed (unless obviously pinned
at a limit of the luminance range). The average of the
last six reversal values was taken as the threshold for
that FSS. Each FSS was plotted and examined as a
means of conﬁrming that a valid asymptote had been
attained.Fig. 3. Stimuli for experiment I. The reader with stereovision can fuse
the left and right images.3. Experiment I: Dichoptic arrangements
3.1. Introduction to experiment I
Experiment I sought to identify the anatomical locus
of the blanking phenomenon through the use of dich-
optic stimulus presentations. It is often possible to deter-
mine the origins of illusory phenomena through the use
of stereoscopic presentation (Julez, 1971). One method
of determining the anatomical origin is to present one
eye with partial information while the other eye receives
the necessary remaining component. Since neither eye
receives the complete image, there must be binocular fu-
sion to recreate the original stimulus. If the illusion per-
sists when segregated across eyes, its source is likely to
be at or after the site of fusion (at a cortical level), as this
arrangement prohibits the illusion from being generated
within either eye (or pre-fusion pathway). Conversely, if
the phenomenon does not persist when segregated
across eyes, it is likely that the illusion is generated be-
fore the site of fusion in the separate (peripheral) paths,
indicating that retinal or geniculate processing is largely
responsible.3.2. Methods of experiment I
A light disk on a ﬁeld of background alley-gray was
presented to one eye while a grid of black squares on
the same background alley-gray was presented to the
other eye (Fig. 3A). To facilitate proper alignment of
the grid and disk, a black outline alignment grid was
presented to the eye receiving the disk. The outline align-
ment grid was selected on the basis that it did not itself
induce the blanking phenomenon. On each trial, the disk
and outline alignment grid combination was equally
likely to appear in the left or right eye; the grid of black
squares always appeared in the other eye. In the dich-
optic arrangement (Fig. 3A), neither eye alone received
a stimulus that was capable of inducing blanking. Thus,
if the blanking phenomenon were observed, it could be
Fig. 4. Results of experiment I. Contrast threshold for each subject is
given for each condition by the appropriate bar indicated by the key.
Error bars represent 95% conﬁdence intervals; lack of error bars
indicates stimuli that could not be seen at the maximum available
contrast. The maximum available contrast for subject 1 was diﬀerent
from subjects 2 and 3 due to the diﬀerence in background alley-gray
(see text for details).
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sites.
Pilot work, which did not include an outline align-
ment grid, suﬀered from inconsistent alignment of the
grid and disk. Without the outline alignment grid, sub-
jects reported that the disk often appeared outside the
intersection; consequently, the disk was easily visible
on many trials. However, when the outline grid was pre-
sent in the eye receiving a dark disk, the disk appeared
properly centered in the intersection. To ensure that
the outline alignment grid did not itself aﬀect threshold,
disk threshold was calculated when the outline align-
ment grid and a light disk were both presented to one
eye while the other eye received a ﬁeld of background al-
ley-gray (Fig. 3B).
Two additional control arrangements compared the
contrast thresholds obtained in the absence of blanking
and when blanking was fully present. The ﬁrst control
arrangement consisted of a light disk presented to one
eye on the background alley-gray in the absence of
squares, while the other eye received only a ﬁeld of back-
ground alley-gray (Fig. 3C). The second control condi-
tion consisted of a light disk and a grid of black
squares presented to one eye and a ﬁeld of background
gray presented to the other (Fig. 3D). The former con-
trol arrangement provided the lowest expected contrast
threshold value for disks, and the latter provided the
measurement for maximal blanking. Both controls ac-
counted for the possibility of reduced contrast due to
the alley-gray ﬁeld presented in the eye not receiving
the relevant part of the stimulus.
3.3. Results of experiment I
Fig. 4 depicts the contrast threshold values for each
subject in experiment I. Each subject completed 4 stair-
cases (approximately 500 trials total). A repeated meas-
ures ANOVA including all subjects and all conditions
with a measurable threshold revealed signiﬁcant diﬀer-
ences among conditions in experiment I, F(2,22) =
69.17, p < 0.001. Bonferroni corrected post-hoc tests
for the comparisons of interest will be discussed below.
Conditions in which maximal blanking occurred were
not included in this analysis as a valid threshold could
not be obtained so variance was zero.
Threshold for the control condition with just the out-
line grid and disk (Fig. 3B and stippled bars in Fig. 4)
was not signiﬁcantly diﬀerent from the control arrange-
ment lacking squares (Fig. 3C and black bars in Fig. 4),
t = 0.35, p > 0.05. This indicates that the outline align-
ment grid itself does not signiﬁcantly increase threshold
or induce blanking. In the dichoptic condition (Fig. 3A
and gray bars in Fig. 4), contrast threshold was signiﬁ-
cantly higher than the outline alignment grid alone con-
dition, t = 10.00, p < 0.001 and the no squares
condition, t = 10.36, p < 0.001; the blanking phenome-non was present, but not maximal. Although contrast
threshold was high in the dichoptic arrangement,
observers were able to identify the disk location at a rate
greater than chance. This diﬀerence is clear when com-
paring the threshold of the dichoptic condition with at-
tempts to obtain a threshold when one eye received the
grid of black squares and the light disk while the other
eye received only the background alley-gray (Fig. 3D
and striped bars in Fig. 4). There are no error bars for
this condition because the disk was never detected at
the maximum available contrast. Thus, blanking was
present in the dichoptic condition, but it was not as
eﬀective as when one eye received the full stimulus and
the other eye received the background alley-gray ﬁeld.
This intermediate level of blanking in the dichoptic con-
dition implies that both pre- and post-fusion mecha-
nisms underlie the blanking phenomenon.4. Experiment II: Complementary arrangements
4.1. Introduction to experiment II
Since experiment I indicated the possibility that both
pre- and post-fusion mechanisms play a role in the
blanking phenomenon, a second experiment was de-
signed to explore further the putative pre-fusion mecha-
nisms. In experiment II, the anatomical locus of the
blanking phenomenon was examined psychophysically
by presenting a grid and disk to each eye; however,
the contrast of the stimulus appearing in each eye was
opposite. Pilot work indicated that a stimulus consisting
of a full grid and disk presented to each eye is easily
aligned. Contrast threshold from two arrangements
Fig. 5. Stimuli for experiment II. The opposite polarity condition is
shown in (A) and the same polarity condition is shown in (B).
Fig. 6. Results of experiment II showing the contrast threshold for
each subject for the same- (stippled bars) and opposite-polarity
(striped bars) conditions. Black bars represent complementary disks
presented in the absence of squares. Error bars represent 95%
conﬁdence intervals. The absence of error bars on bars for the
opposite-polarity condition indicates that the disks were never visible
and variance was zero.
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polarity’’ conditions).
4.2. Methods of experiment II
The opposite-polarity condition consisted of a light
disk and a grid of black squares presented to one eye
and a dark disk and a grid of white squares presented
to the other (see Fig. 5A). In this condition, each eye re-
ceived a stimulus that induces blanking. The same-
polarity condition consisted of the presentation of a
light disk and a white grid of squares to one eye and a
dark disk and a black grid of squares to the other (see
Fig. 5B). In this condition, each eye received a stimulus
that would not eﬀectively induce blanking. Finally, the
lowest expected contrast threshold was determined by
presenting a light disk to one eye and a dark disk to
the other, both in the absence of squares.
As in experiment I, the component of the stimulus
appearing in a given eye was determined randomly,
and the other eye received the appropriate counterpart.
The disk always appeared in the same intersection on
grids presented to each eye (or the same location when
no intersection was present). Note that the absolute con-
trast value of the light disk presented to one eye and the
dark disk appearing in the other was always the same.
An assumption is made regarding the higher level
processing of these stimuli: namely, the information
reaching higher cortical areas is identical in the same
and opposite-polarity conditions (a dark/light disk and
a black/white grid of squares). Using intermingled rival-
rous images, other investigators have shown that the
brain neglects eye-of-origin information at high-levelprocessing stages (Kova´cs, Papathomas, Yang, & Feher,
1996; see also Logothetis, Leopold, & Sheinberg, 1996).
Through diﬀerent methods, other investigators have
reached the same conclusion. Ono and Barbeito (1985)
devised several conditions in which subjects were asked
to make utrocular discriminations employing various
cues. These authors found that subjects could not make
use of any cue to identify the eye-of-origin; they con-
clude that eye-of-origin information does not enter con-
scious awareness.
If the blanking phenomenon is occurring in higher-
level sites after the point of fusion, the contrast thresh-
olds of the same and opposite conditions should be
equal (because the information reaching these higher
level sites is indistinguishable between the two condi-
tions). If the contrast thresholds obtained in these two
conditions are not equal, contributions from a lower-
level pre-fusion locus must be implicated, as only the
individual eyes (or perhaps the earliest cortical areas)
are able to diﬀerentiate between the opposite and the
same-polarity conditions.
4.3. Results of experiment II
Each subject completed 4 staircases (approximately
500 trials total). Contrast threshold for the opposite-
polarity condition could not be determined; even at
the maximum available contrast, the subjects could
not identify the intersection that contained the disk
(see Fig. 6, striped bars). Conversely, in the same-polar-
ity condition the subjects were able to identify the inter-
section containing the disk (the average contrast
threshold across subjects was 0.944, Fig. 6, stippled
bars). Thus, when each eye received a stimulus capable
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present. When each eye did not receive a stimulus that
could induce blanking, the brain did not combine the
stimuli from the individual eyes to induce an equivalent
eﬀect. A t-test could not be computed to determine dif-
ferences for the same versus opposite-polarity condi-
tions, as disks in the opposite-polarity condition were
never visible (variance was zero). However, the 95% con-
ﬁdence intervals of the same-polarity condition fall be-
low the maximum contrast available (the value
obtained in the opposite-polarity condition). Were addi-
tional contrast available, the contrast threshold of the
opposite-polarity condition would have been higher.5. Experiment III: Disparity arrangements
5.1. Introduction to experiment III
Experiment III sought to verify the post-fusion mech-
anism implied by experiment I. In experiment III, disk
contrast thresholds from two conditions were compared
(the ‘‘disparity’’ and ‘‘oﬀset’’ conditions).
5.2. Methods of experiment III
In the disparity condition, the disk appeared to be
centered on an intersection but in a diﬀerent plane than
the grid (Fig. 7A). The disk appeared either in front of
or behind the grid; the plane in which the disk was pre-
sented was determined randomly, but the amount of dis-
parity was constant. Disparity was induced by shifting
the disk appearing in each eye by the same amount inFig. 7. Stimuli for experiment III. The disparity condition is shown in
(A) and the oﬀset condition is shown in (B).opposite directions. No signiﬁcant diﬀerences in con-
trast threshold were found between disks that appeared
to be in front of or behind the grid.
Contrast threshold from the disparity condition was
compared to a control condition in which the disk was
oﬀset from the center of the intersection (oﬀset condi-
tion, Fig. 7B). The disk in this condition appeared in
the same plane as the grid, but was oﬀset in the same
direction in each eye by the amount used to induce dis-
parity in the disparity condition (one disk radius). This
control condition was created to assess the eﬀects on
contrast threshold when the disk is not centered in the
intersection.
Since the disk in each eye was shifted from the center
of the intersections in both the disparity and oﬀset con-
ditions, neither eye in either condition received a stimu-
lus that should induce optimal blanking. Note that the
stimuli presented to either eye were identical in both
the disparity and oﬀset conditions. If threshold is higher
in the disparity condition, it can be inferred that the
blanking phenomenon has components from post-fu-
sion sites.
5.3. Results of experiment III
Contrast threshold values for experiment III for each
subject are shown in Fig. 8. Data comprise 12 staircases
for subject 1, 8 for subject 2, and 4 for subject 3. Con-
trast threshold for the disparity condition (Fig. 8, stip-
pled bars) was higher than the contrast threshold for
the oﬀset condition (Fig. 8, gray bars). Repeated meas-
ures ANOVA revealed these diﬀerences to be signiﬁcant
F(1,23) = 21.54, p < 0.001. Post-hoc t-tests reveal signif-
icant diﬀerences for subjects 1 and 3; for subject 2 the
trend is clearly in the same direction.
The error bars indicating 95% conﬁdence intervals
are inﬂated due to diﬀerences in threshold obtained from
presentations in the upper and lower visual ﬁelds. AsFig. 8. Results of experiment III showing the contrast threshold for
each subject for the disparity (stippled bars) and oﬀset (gray bars)
conditions. Error bars represent 95% conﬁdence intervals.
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contrast threshold is consistently lower in the lower vis-
ual ﬁeld than in the upper visual ﬁeld. The error bars
represent data obtained from both the upper and lower
visual ﬁelds and are therefore larger than they would be
if the ﬁelds were considered independently.
Neither eye alone received a stimulus that induced
strong blanking, but upon fusion in the disparity condi-
tion the disk appeared centered and was more diﬃcult to
detect. However, comparison of the striped bars in Fig.
4 to the stippled bars in Fig. 8 shows that maximal
blanking was not achieved in the disparity condition.
These results conﬁrm the tentative conclusion drawn
from experiment I: in addition to pre-fusion contribu-
tions, there are signiﬁcant contributions to the blanking
phenomenon from post-fusion sites.Fig. 9. Slope of the staircase as an indication of binocular rivalry.
Four simulated staircases obtained using the simulated rivalry method
are depicted in (A) (see text). Staircases obtained from a condition in
which maximal blanking was present are depicted in (B). Typical
staircases from experiment I are shown in the bottom panel (C).6. Discussion
6.1. Could binocular rivalry explain these results?
The possibility that binocular rivalry has confounded
these results has been examined and rejected. Binocular
rivalry occurs when the two eyes are presented with dis-
parate stimuli. Rather than summing or fusing the stim-
uli, perception is dominated by one eye or the other.
Thus, during binocular rivalry, the stimulus in one eye
is suppressed while that in the other is perceived. For
the following reasons it is unlikely that binocular rivalry
inﬂuenced the results of these experiments:
• Subjects ﬁxated on a target that appeared in 3D. If
rivalry were present before or during the stimulus
presentation, the 3D eﬀect would not have been
obtained (during rivalry, the ﬁxation mark would
have appeared two-dimensional).
• The stimulus presentation time was less than 0.3s,
and the required time of onset of rivalry is substan-
tially longer (Chen & He, 2003; Blake, 2001). Previ-
ous research has shown that binocular rivalry is
rarely experienced when stimuli are presented brieﬂy;
instead, perceptual superimposition of the stimuli
results (Blake, 2001; Blake, Yang, & Westendorf,
1991).
• Suppression of one eye would result in a random
response on approximately 50% of the trials, and this
level of randomness would result in an unstable stair-
case. The slopes of the staircases in experiment I were
compared to the slope of a staircase obtained under
conditions of simulated rivalry. To simulate rivalry,
a light disk and a grid of white squares were presented
to both eyes (a condition in which the disk is detect-
able), but on 50% of the trials a random response was
substituted for the subjects answer. This method of
random answer substitution mimics the eﬀects of bin-ocular rivalry, assuming the information from one
eye is suppressed on each trial. The staircase obtained
from this simulation is presented in Fig. 9A. This ﬁg-
ure shows that the staircase slopes upward and is
unstable (a valid asymptote is not reached). In this
condition the subject answers with approximately
66% accuracy (assuming 100% correct on half of
the trials and a random answer is substituted on the
remaining 50% of the trials; however, the random
answer would be correct 33% of the time). Typical
staircases obtained from a condition in which maxi-
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squares presented to one eye) are shown in Fig. 9B.
These staircases are characterized by an initial maxi-
mally steep slope until the staircase ‘‘locks’’ at the
highest available contrast. In Fig. 9B, the subject is
answering with approximately 33% accuracy (ran-
dom) thus these staircases follow a diﬀerent pattern
than those shown in Fig. 9A. The clear diﬀerence
between staircases obtained from conditions of riv-
alry and blanking further support the conclusion that
blanking cannot be explained by binocular rivalry.
Finally, a representative staircase obtained from
experiment I is presented in Fig. 9C for comparison.
Staircases in all experiments were examined and no
staircase that provided a measure of threshold
showed the instability or large slope like that of
Fig. 9A.
6.2. Interpretation of the experiments
The mechanisms underlying the blanking phenome-
non are complex and act at multiple sites in the visual
system. The presence of blanking when the stimulus
was segregated across eyes in experiment I indicates
the involvement of post-fusion sites in the blanking phe-
nomenon. However, maximal blanking was not induced
in the dichoptic presentations.
The absence of maximal blanking in experiment I
could be attributed to one or more of at least three
distinct possibilities. First, there is the possibility of
improper alignment. If, on occasion, the disk appeared
to fall outside the intersection, the observer would be
able to identify the correct disk location with ease. How-
ever, the alignment grid should have prevented this, and
subjects did not report disks falling outside of the inter-
section. Second, the eﬀective contrast of the squares may
have been reduced. Superimposing the background al-
ley-gray ﬁeld appearing in one eye on the squares
appearing in the other eye could reduce their eﬀective
contrast. A reduction in eﬀective contrast decreases the
eﬃcacy of the blanking phenomenon and lowers thresh-
old. This possibility is unlikely as maximum blanking
was attained when the grid and disk were presented to
one eye and the other eye received a ﬁeld of background
alley-gray. Finally, pre-fusion mechanisms may facili-
tate blanking. Contributions from low-level pre-fusion
sites would not be available in the dichoptic presenta-
tions; without these contributions, blanking may
not be as eﬀective and threshold would be lower. The
presence of strong but not maximal blanking in the dich-
optic arrangement indicates that the blanking phenom-
enon likely has contributions both from high-level
post-fusion sites and from low-level pre-fusion sites.
In experiment II the presence of maximal blanking in
only the opposite-polarity condition conﬁrms that theblanking phenomenon has contributions from low-level
sites (prior to the locus of fusion). When each eye re-
ceived a stimulus that induced blanking (even when
the stimulus presented to each eye was diﬀerent), the
blanking phenomenon was present. Conversely, thresh-
old was lower in the same-polarity arrangement. The
cortex did not extract information from one eye (for
example, a light disk) and combine it with information
from the other eye (the black grid of squares) to induce
the blanking phenomenon. Note that the subjects re-
ported proper alignment of the grids and disks in the
same-polarity condition; it can safely be assumed that
alignment was also correct in the opposite-polarity con-
dition, as the disks were not visible. Thus, improper
alignment is not likely to have contributed to these
results.
Threshold was higher in the same-polarity condition
(Fig. 6, stippled bars) than in the complementary disk
condition lacking squares (Fig. 6, black bars). Repeated
measures ANOVA revealed these diﬀerences to be sig-
niﬁcant, F(1,11) = 74.19, p < 0.001. From this result
alone, it is diﬃcult to determine whether the threshold
increase in the same-polarity condition is due to weak
blanking or to a contrast reduction resulting from the
presence of squares. Previous work has shown that the
threshold of a disk surrounded by squares of the same
polarity is higher than that of the disk presented alone.
This increase in threshold is consistent with a decrease in
eﬀective contrast due to the surrounding squares
(McAnany & Levine, 2004). The likelihood of a similar
eﬀect inﬂating threshold in the complementary condi-
tion is explored in the next paragraph.
The eﬀect of squares on the same-polarity condition
was assessed by comparing two ratios (the ‘‘with- to
without-squares ratio’’ and the ‘‘complementary ratio’’).
The ‘‘with- to without-squares ratio’’ was deﬁned as the
ratio of the threshold of a disk presented with squares of
the same-polarity to that of the disk presented in the ab-
sence of squares. Disk contrast threshold was deter-
mined separately for dark disks presented with black
squares, and light disks presented with white squares.
Similarly, disk contrast threshold values were separately
obtained for dark and light disks presented in the ab-
sence of squares. The ‘‘complementary ratio’’ is the ratio
of the threshold of the same-polarity condition (Fig. 6,
stippled bars) to the threshold of the complementary
disks presented without squares (Fig. 6, black bars).
Across subjects, the range of threshold ratios for the
‘‘with- to without-squares ratio’’ ranged from 5.4:1 to
8.1:1 (the mean was 6.6:1). The ‘‘complementary ratio’’
showed a similar spread, with a mean of 6.4:1. While
only an approximation, the similarity of these ratios
indicates that the threshold increase in the same-polarity
condition (relative to the complementary no squares
condition) can be largely explained by the contrast
reduction due to the presence of squares. The threshold
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The contribution to the blanking phenomenon from
post-fusion sites determined in experiment III further
conﬁrms the other tentative conclusion drawn in exper-
iment I. When the disk was not centered in the intersec-
tion in each eye, but upon fusion appeared to be
centered in front of or behind the grid (disparity condi-
tion), the threshold was higher than in the oﬀset condi-
tion. The threshold was signiﬁcantly lower when the
disks were presented outside the intersection but did
not appear to be centered when the images were fused
(oﬀset condition). As in experiment I, maximal blanking
was not achieved in the disparity condition. This ab-
sence of maximal blanking may be attributed to contri-
butions from pre-fusion sites, or failure of the disk to
appear perfectly centered due to eye dominance. Alter-
natively, failure to achieve maximum blanking could
be related to the disks only having the appearance of
being aligned with the intersection, but not actually
appearing in the intersection due to its appearance in a
diﬀerent plane.
6.3. Mechanisms of blanking
A dual-stage theory can be invoked to explain the
processing that results in the blanking phenomenon.
First, lateral antagonism in pre-fusion sites initiates
the blanking phenomenon. Lateral antagonism within
the retina was also proposed to account for the mecha-
nisms involved in similar illusory stimuli (the scintillat-
ing grid: Schrauf, Lingelbach, & Wist, 1997, and the
Hermann grid: Spillman, 1994). Receptive ﬁelds cen-
tered on intersections receive much greater antagonism
than receptive ﬁelds located within alleys (Spillman,
1994). This increase in antagonism increases the thresh-
old for light disks. The possible role of ON and OFF
receptive ﬁeld mechanisms has been described in detail
elsewhere (McAnany & Levine, 2004).
Post-fusion processing at higher-level cortical sites
constitutes a second stage. Processing at this stage could
be similar to the proposed mechanisms in the retina (lat-
eral antagonism), or perhaps a more complex mecha-
nism may be present. Several mechanisms could be
proposed to account for the cortical components under-
lying the blanking phenomenon. Unfortunately, none
seem entirely suﬃcient to explain the phenomenon.
First, it is unlikely that the attentional mechanisms
that have been invoked to explain other forms of visual
disappearance (motion induced blindness, Bonneh,
Cooperman, & Sagi, 2001) are relevant to the blanking
phenomenon. Bonnehs attention-driven ‘‘winner-
takes-all’’ model of perception proposes a suppression
of attention shifting between objects in a scene. The
‘‘winner-takes-all’’ theory posits that a high contrast
background produces a salient and powerful stimulus,and a small disk of opposite contrast appearing at an
intersection may be perceived as a separate feature of
the stimulus. The small disk of opposite contrast may
be neglected because attention is focused on the complex
high contrast background. Conversely, a disk of similar
contrast to the squares is likely to not be interpreted as a
separate entity; thus, no shift in attention is required.
Although attractive, this theory is unlikely to be applica-
ble to the cortical mechanism underlying the blanking
phenomenon. The attentional demands of identifying a
disk falling in an intersection and identifying a disk fall-
ing slightly outside of an intersection are essentially
equal, whereas threshold values obtained from these
arrangements are decidedly not.
Another possible cortical mechanism that might be
postulated to underlie the blanking phenomenon is fea-
ture grouping across distance. Schrauf et al. (1997) pro-
posed that the scintillating grid illusion, a related
phenomenon, may be a result of the cortical processing
of a repeating grid pattern. Thus, a pattern repeating in
space (recruiting repeating cortical columns) could be
necessary for the blanking phenomenon to occur. How-
ever, this is also unlikely as eﬀective blanking is present
in stimuli consisting of only a single disk and an inter-
section composed of four squares (McAnany & Levine,
2004).
In conclusion, the work presented here adds to the
growing body of information regarding visual disap-
pearance in normal observers, and more speciﬁcally,
the blanking phenomenon. Future work is needed to
clarify the cortical mechanisms involved in the blanking
phenomenon.Acknowledgments
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